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Abstract

Background: Payer-type (government-sponsored health coverage versus private health insurance) has been shown
to influence a variety of cardiovascular disease outcomes in adults. However, it is unclear if the payer-type impacts
the response to a lifestyle intervention in children with dyslipidemia.

Methods: We analyzed data prospectively collected from patients under the age of 25 years who were referred to
a large regional preventive cardiology clinic from 2010 to 2016 in Massachusetts. We compared baseline high
density lipoprotein cholesterol (HDL-C), triglycerides (TG), non-HDL-C, and low density lipoprotein cholesterol
(LDL-C) by payer-type. Further, we analyzed the change in lipid values in response to a clinic-based multidisciplinary
intervention over a nearly six-year period by payer-type with multi-variable adjusted linear regression models. We
also tested for effect modifications by age, sex, race, and body mass index (BMI) category.

Results: Of the 1739 eligible patients (mean age 13 years, 52% female, 60% overweight and obese, 59% White), we
found that patients with government-sponsored coverage (n = 354, 20%) presented to referral lipid clinic with lower
HDL-C (− 3.5 mg/dL [1.0], p < 0.001) and higher natural log-transformed TG (+ 0.14 [0.04], p < 0.001) as compared to
those with private insurance; however, the association was attenuated to the null after additionally adjusting for
BMI category (− 1.1 [0.9], p = 0.13, and + 0.05 [0.04], p = 0.2 for HDL-C and natural log-transformed TG, respectively).
We found no difference in baseline LDL-C between payer-types (+ 3.4 mg/dL [3.0], p = 0.3). However, longitudinally,
we found patients with private insurance and a self-reported race of White to have a clinically meaningful
additional improvement in LDL-C, decreasing 12.8 (5.5) mg/dL (p = 0.02) between baseline and first follow-up, as
compared to White patients with government-sponsored health coverage, after adjusting for age, sex, time
between visits, and baseline LDL-C.

Conclusions: Our results suggest that youth with government-sponsored coverage are referred with poorer lipid
profiles than those with private insurance, although this is largely explained by higher rates of overweight and
obesity in the government-sponsored health coverage group. White patients with private insurance had
substantially better improvement in LDL-C longitudinally, suggesting that higher socioeconomic status facilitates
improvement in LDL-C, but is less beneficial for HDL-C and triglyceride levels.
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Background
Pediatric dyslipidemias are relatively common; depending
on the population sample and thresholds used, up to 20%
of children and adolescents have abnormal levels of low-
density lipoprotein cholesterol (LDL-C), high-density lipo-
protein cholesterol (HDL-C), or triglyceride concentra-
tions [1–5]. Without intervention, childhood dyslipidemia
often persists into adulthood, increasing the risk for pre-
mature cardiovascular disease (CVD) [6–9]. The corner-
stone of managing pediatric lipid abnormalities is lifestyle
modification counseling to optimize physical activity and
the diet [10]. However, opportunities for improvements in
lifestyle may be constrained by limited resources in fam-
ilies who qualify for government-sponsored health cover-
age as eligibility is typically based on income thresholds.
There is limited information on the relationship between
payer-type (government-sponsored health coverage versus
private health insurance) and dyslipidemias among
children and adolescents, especially as it relates to patient
responses to intensive lifestyle counseling [11–14].
Health insurance status is associated with health

outcomes across a wide range of diseases [15]. In adults,
insurance coverage has been shown to correlate with
CVD risk factors, including an atherogenic lipid profile
and more frequent CVD events [16, 17]. However, these
studies may be biased when the disparities in socioeco-
nomic status (SES) are a result of, rather than a contrib-
uting factor to, the medical condition. For example, a
debilitating illness will often limit earning potential and
result in lower SES and need for government-sponsored
health coverage. Children provide an ideal cohort to
study the role of payer-type on dyslipidemia outcomes
as the child’s dyslipidemia status is unlikely to impact
their families’ income and eligibility for government-
sponsored coverage.
To develop and implement clinical lifestyle interven-

tions effectively and efficiently, it is important to under-
stand the contribution of the payer-type on pediatric
dyslipidemia and response to current treatment ap-
proaches. However, there is limited information on the
relationship between payer-type and change in lipid
values among children and adolescents undergoing clin-
ical lifestyle counselling [11–14]. Even in adults it is not
always only limited financial resources that affect the
lifestyle improvements but other factors as well, (e.g.
inadequate perception of CVD risk factors) [18]. We
hypothesize that children with dyslipidemia and
government-sponsored health coverage will not respond
as well to clinical-based lifestyle counseling interventions
compared to children with private insurance. To address
this gap in knowledge, we examined standardized data
prospectively collected as part of a quality improvement
(QI) effort conducted in a large, multi-disciplinary
pediatric preventive cardiology clinic to determine

whether baseline dyslipidemia and response to intensive
lifestyle counseling differed between those with
government-sponsored health coverage versus private
insurance.

Methods
Study population
As part of an ongoing QI project, we prospectively
collected clinical and demographic data from patients
under the age of 25 years who were assessed in the
Preventive Cardiology Program at a large regional med-
ical center from September 1, 2010 to March 31, 2016.
Patients were eligible for this study if they had an initial
visit to the Preventive Cardiology Program during the
observation period with a lipid profile that included a
total cholesterol, triglyceride level, HDL-C, and LDL-C,
regardless of the reason for referral. For example, pa-
tients who were referred to the Preventive Cardiology
Program for hypertension, but obtained a lipid profile as
part of the visit. Patients were excluded if they were
prescribed lipid-lowering medications during follow up
at any time during the observation period, if they were
over the age of 25 years, or if they did not have a base-
line visit in the observation period. This study was
approved by the research ethics board with a waiver of
individual participant consent.

Study design
The QI initiative was implemented for all children and
adolescents seen for a lipid disorder in a Preventive
Cardiology Program as part of a large, regional medical
system starting September 1, 2010. This initiative
provided management suggestions and prospectively col-
lected clinical data via the use of a Standardized Clinical
Assessment and Management Plan (SCAMP). Providers
(physicians, nurse practitioners, and nurses) completed
the standardized forms for each patient encounter and
when interval laboratory measurements were obtained.
In addition to collecting pertinent health information,
the SCAMP suggested management by way of treatment
algorithms generally consistent with the 2011 US
National Heart, Lung, and Blood Institute Pediatric
Integrated CVD Guidelines [10]. Patients were coun-
seled on heart healthy lifestyle behaviors based on the
2011 Guidelines; patients visited with a registered
dietician and a nurse practitioner or physician. The
intervention included nutrition and physical activity
counseling tailored for the type of lipid disorder. For
example, for those patients with high triglycerides, the
focus was on reducing intake of simple sugars and
replacing them with vegetables and whole grains. In
contrast, for patients with elevated LDL-C, the focus
was more on reducing saturated fat and increasing
dietary fiber intake in the form of fruits, vegetables and
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whole grains. Physical activity counseling focused on
stepwise increases in activity to target a minimum of 5 h
of moderate-to-vigorous physical activity per week.
Patients had the opportunity to meet with a registered
dietician at each visit. In addition to in-person counsel-
ling, patients were provided with printed educational
materials. After three visits, additional visits did not
necessarily include a visit with a dietician. Clinical
information was extracted from this QI dataset and
supplemented with information from the electronic
health record (EHR).

Payer-type
The participant’s payer-type was determined for the
purposes of this investigation from the EHR at the initial
clinic visit and was held constant during all longitudinal
analyses. Government-sponsored coverage was defined
as having any coverage through Medicaid, the State
Children’s Health Insurance Program, or Medicare. Pri-
vate coverage was defined as having health insurance
that was not provided through government-sponsored
coverage and also included international patients. No
patients were identified as uninsured in our study. Out
of state patients had insurance coverage by their respect-
ive state and were classified as private or government-
sponsored in a similar fashion. Payer-type was present
on administrative paperwork at each visit.

Anthropometric and clinical assessments
Weight was recorded by a trained clinical provider via a
standing scale (Scale-Tronix Stand-on Scale, Scale-
Tronix, White Plains, NY) to the nearest 0.1 kg with
patients in their own clothing without a jacket or shoes.
However, it was not possible to know if a patient’s
weight was measured on the same scale at each visit.
Height was measured with a vertical stadiometer in pa-
tients without shoes to the nearest 0.1 cm. Body mass
index (BMI) was calculated as weight in kilograms di-
vided by height in centimeters squared. BMI percentiles
and Z-scores were generated using the Centers for
Disease Control (CDC) 2000 reference tables, as imple-
mented in CDC EpiInfo version 7.

Laboratory assessments
Lipid measurements were obtained from peripheral
blood samples, generally after an 8-h fast. Measurements
were made using standard enzymatic assays. Total
cholesterol, HDL-C, and triglycerides were measured
and LDL-C was calculated according to the Friede-
wald equation [19]. Non-HDL-C, a surrogate for all
atherogenic Apolipoprotein B containing particles,
was determines as total cholesterol minus HDL-C. If
triglycerides were ≥ 400 mg/dL (4.52 mmol/L), a direct
LDL-C was obtained in most cases.

Statistical analysis
We generated summary statistics including counts,
percentages, means and medians, as appropriate for
distribution, to describe categorical and continuous
study variables. Baseline characteristics were compared
between payer-type with t-tests or chi-squared tests for
continuous and categorical data, respectively. The trigly-
ceride level was natural log transformed due to non-
normal distribution. We defined abnormal lipid levels
for males and females as an LDL-C greater than or equal
to 130 mg/dL (3.3 mmol/L), an HDL-C less than 40 mg/
dL (1.03 mmol/L), non-HDL-C greater than 145 mg/dL
(3.75 mmol/L), and a triglyceride level greater than or
equal to 150 mg/dL (1.69 mmol/L). Race/ethnicity was
self-reported and categorized as White, Black, Hispanic,
Asian, other, and unknown. BMI was categorized as
underweight (BMI <5th percentile), normal (BMI 5th –
84th percentile), overweight (BMI ≥ 85th to 94th per-
centile), and obese (BMI ≥95th percentile) for age and
sex in patients younger than 18 years old. For young
adults ages 18–25 years old we used absolute BMI cut-
offs of normal (BMI < 25 kg/m2), overweight (25 – < 30
kg/m2), and obese (≥30 kg/m2). Corresponding BMI cat-
egories were then combined for those younger and older
than 18 years of age.

Baseline analyses
We tested for differences in lipid parameters (LDL-C,
HDL-C, non-HDL-C, and natural log-transformed
triglyceride level [lnTG]) in relation to payer-type by
conducting multivariable adjusted linear regression
models with the baseline lipid value as the dependent
variable, payer-type as the independent variable of inter-
est and adjusting for age, sex, and race/ethnicity. We ran
a secondary model that additionally adjusted for BMI
category (in addition to age, sex, and race/ethnicity) to
determine if any differences in dyslipidemia based on
payer-type could be attributed to differences in adiposity
between payer groups. Finally, we ran separate models
that additionally included an interaction term for payer-
type and one of the covariates (age, sex, race/ethnicity,
and BMI category). By adding the interaction term, we
tested if the relationship between payer-type and lipid
values was modified by the patient’s age, sex, race/ethni-
city, or obesity/overweight status.

Changes in lipid parameters during lifestyle counseling
To compare the change in lipid values in response to
treatment over time by payer-type, we conducted
pairwise multivariable adjusted linear regression models.
The dependent variable was the difference in the lipid
parameter at baseline to each follow-up visit in separate
models (i.e., differences in LDL-C from baseline to first
follow up visit). We separately examined change from
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baseline to first through third visit, as the sample size
became too small for comparisons beyond the third
follow-up visit. As the time between visits was not con-
sistent for each patient, we adjusted for the length of
time between visits. Payer-type was the independent
variable of interest, and the model was adjusted for age,
sex, race/ethnicity, baseline lipid value, and days between
baseline and follow-up visits. The pairwise analyses were
restricted to patients with abnormal LDL-C, HDL-C,
non-HDL-C, and triglycerides levels at the initial visit
for the respective models for that lipid parameter. In the
models assessing the change in lipid values between
visits, we additionally tested for effect modification by
age, sex, and race/ethnicity, and secondary adjustment
for BMI category, as described for baseline analysis.
Statistical analyses were conducted with R statistical

software (version 3.4.3) and a two-sided p-value < 0.05
was considered significant.

Results
Among the 2487 patients with 8233 clinical encounters
over the five-and-a-half-year observation period, 1739
patients (3609 clinical encounters) were eligible for in-
clusion in the study. Patients were excluded if they were
over the age of 25 years (6 patients), did not have a base-
line visit in the observation period (593 patients), or
were on lipid lowering therapy during the observation
period (149 patients). There were 858 (49%) patients,
464 (27%) patients, and 241 (14%) patients that had at
least 1, 2, and 3 follow up visits, respectively. Follow up
was similar regardless of payer-type (Table 1). There was
no difference between the two payer groups in the per-
centage of patients who had one follow up visit (p = 0.8),
two follow up visits (p = 0.5), or three follow up visits
(p = 0.2). The median (IQR) time between baseline and
first, second, and third follow-up visits were 3.9 (2.8), 9.2
(8.1), and 17.9 (11.9) months, respectively. Of the eligible
patients at the baseline visit, 864 (50%) had an abnormal
LDL-C (> 130mg/dL), 554 (32%) had an abnormal HDL-
C (< 40mg/dL), 1061 (61%) had an abnormal non-HDL-
C (> 145 mg/dL), and 657 (38%) had an abnormal trigly-
ceride level (> 150 mg/dL). Baseline characteristics of the
government-sponsored and private insurance groups are
presented in Table 2.

Payer-type and baseline dyslipidemia
In age, sex, and race/ethnicity-adjusted models, patients
with government-sponsored health coverage were found
to have a baseline HDL-C that was 3.5 (1.0) mg/dL
lower than patients with private insurance (p < 0.001).
Patients with government-sponsored health coverage
were also found to have higher baseline lnTG (+ 0.14
[0.04], p < 0.001), which equates to a triglyceride concen-
tration of 1.15 times higher with government-sponsored
care as compared to private insurance. However, the
association of government-sponsored health insurance
with lower HDL-C and higher lnTG was no longer
present after adjusting for BMI category (− 1.1 [0.9],
p = 0.13, and + 0.05 [0.04], p = 0.2 for HDL-C and
lnTG, respectively). There was no difference in
baseline LDL-C between patients with government-
sponsored health coverage and private insurance (+ 3.4
mg/dL [3.0], p = 0.3). We did not detect effect modifica-
tion by age, sex, race/ethnicity, or obesity/overweight
status on the relationship between payer-type and baseline
lipid parameter.

Lipid parameter outcomes in response to lifestyle
modifications by payer-type
The lipid values from the baseline visit through the third
follow-up visit are presented in Table 3. Overall, for
patients with baseline abnormal lipid-specific values,
from the baseline to third follow-up visit, there was a 15
(39) mg/dL decrease in LDL-C, a 3 [7] mg/dL increase
in HDL-C, a 20 (37) mg/dL decrease in non-HDL-C,
and a 69 (222) mg/dL decrease in triglyceride levels. We
observed no association between payer-type and change

Table 1 Number of patients with follow up visits by payer-type

Government Private P-value

1st follow up visit, n (%) 172 (49) 686 (50) 0.8

2nd follow up visit, n (%) 89 (25) 375 (27) 0.5

3rd follow up visit, n (%) 57 (16) 184 (13) 0.2

Data presented are number of patients with follow up visits and the
percentage of patients with a baseline visit. Government, government-
sponsored health coverage; Private, private health insurance

Table 2 Baseline characteristics of study population by
payer-type

All patients Government Private P value

Total (%) 1739 354 (20) 1385 (80)

Age (years) 13.0 (4.3) 12.8 (4) 13.0 (4.4) 0.42

Males (%) 843 (48) 174 (49) 669 (48) 0.82

Females (%) 896 (52) 180 (51) 716 (52) 0.82

Race/Ethnicity (%)

Asian 73 (4) 15 (4) 58 (4) < 0.001

Black 90 (5) 30 (9) 60 (4)

Hispanic 121 (7) 59 (17) 62 (5)

Other 141 (8) 54 (15) 87 (6)

Unknown 293 (17) 76 (22) 215 (16)

White 1021 (59) 118 (34) 903 (65)

Overweight and
Obese* (%)

1018 (60) 249 (72) 769 (57) < 0.001

Data are presented as mean and (SD) *Overweight is defined as a body mass
index >85th percentile for age and gender in patients age 2–19 and greater
than equal to 25 kg/m2 for those 20 years and older. Government,
government-sponsored health coverage; Private, private insurance
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in lipid values from baseline to first through third
follow-up visit, adjusting for age, sex, race/ethnicity, and
time between visits (Figs. 1 and 2). Despite no main
effect of an association between payer-type and change
in LDL-C between visits, we did detect an interaction
between patients with self-reported White race and the
relationship between payer-type and change in LDL-C
(p = 0.03). In race-stratified models (White only,
abnormal LDL-C at baseline with at least 1 follow-up,
n = 248), White patients with private insurance had a
12.8 (5.5) mg/dL (p = 0.02) additional decrease in LDL-C
between baseline and first follow-up as compared to
White patients with government-sponsored health
coverage, after adjusting for age, sex, time between visits,

and baseline LDL-C (Fig. 3). The association was un-
changed after additionally adjusting for BMI category.
There was no observed association between payer-type
and change in LDL-C from baseline to first follow-up in
the other race/ethnic groups, although the sample sizes
were smaller limiting our power to detect a difference
(n = 25, 29, 23, and 69 for Black, Hispanic, other, and
unknown, respectively). There was no observed effect
modification by sex, age, and BMI category on the rela-
tionship between payer-type and change in lipid values.

Discussion
We present the relationship between payer-type and
LDL-C, HDL-C, and triglycerides at baseline and over

Fig. 1 Change in lipid parameters from baseline through the third follow-up visit among those with lipid-specific abnormal levels at baseline and
stratified by health insurance payer type. a) Mean change in LDL-C (mg/dL) from baseline through the third follow-up visit; b) Mean change in
HDL-C (mg/dL) from baseline through the third follow-up visit; c) Mean change in non-HDL-C (mg/dL) from baseline through the third follow-up
visit; d) Mean change in triglyceride level (mg/dL) from baseline through the third follow-up visit. All data presented are mean and 95%
confidence intervals. HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
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nearly a six-year period in more than 1700 pediatric
patients using prospectively collected standardized data
in a large multidisciplinary pediatric lipid clinic. We
found that patients with government-sponsored health
coverage presented with higher triglycerides and lower
HDL-C as compared to those with private insurance.
However, the difference in HDL-C and TG is largely
attributed to higher rates of overweight and obesity in
the government-sponsored care group. There was
substantial improvement in lipid profile regardless of
payer-type, but White patients with private insurance
had additional improvement in LDL-C as compared to
White patients with government-sponsored coverage.
In our original hypothesis, we expected that baseline

lipid profiles would be associated with payer-type as this

is consistent with previous studies in adult and pediatric
cohorts examining the association of SES with health
outcomes [20, 21]. Although the rise in obesity rates has
occurred across all demographic groups, there has been
a disproportionate rise in obesity in those of lower SES.
In fact, there is evidence that those enrolled in the
Medicaid program have higher rates of obesity than
those without health insurance and those with private
insurance [23]. The increase in obesity has been linked
to a variety of potential culprits, including the reduction
of the costs of food production, increased number of
restaurants, and a shift to jobs that require less physical
activity, increased sedentary time, increased consump-
tion of sugar-sweetened beverages, and increased
amounts of calorically-dense, nutritional poor foods

Fig. 2 Lipid levels from those with lipid-specific abnormal levels at baseline through the third follow-up visit and stratified by health insurance payer
type. a) Mean LDL-C (mg/dL) at baseline through the third follow-up visit; b) Mean HDL-C (mg/dL) at baseline through the third follow-up visit; c)
Mean non-HDL-C (mg/dL) at baseline through the third follow-up visit; d) Mean triglyceride level (mg/dL) at baseline through the third follow-up visit.
All data presented are mean and 95% confidence intervals. HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
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[22]. In addition, decreased access to recreational activities
and healthy foods disproportionately affect those of lower
SES due to lack of fresh foods, crime, unsafe built environ-
ments, and limited transportation options [24–27].
In order to reduce these health disparities in SES,

efforts recently have been made to increase access to
health coverage, a modifiable component of SES. As
seen in our study, health coverage may allow access to
needed preventive care that can slow, or even reverse,
the progression of chronic diseases, such as dyslipid-
emia. This finding is a pleasant surprise as evidence sug-
gests [28] that health coverage alone is rarely sufficient
to lead to improvements in care for those of lower SES
as it does not address other factors that limit access to
care. For instance, in a government-sponsored study in
Oregon, there was no evidence that new adult enrollees
in government-sponsored healthcare had improvement
in their health, despite increased access to health care and
increased utilization of services [28]. This is consistent
with the seminal RAND insurance study demonstrating
that more generous insurance plans led to more health
care utilization, but not improved health outcomes [29].
We found that patients who self-reported as White

and having private insurance had a greater improvement
in their LDL-C as compared to those with government-
sponsored coverage. Although we were not able to test
this in our data because self-reported income levels were
not available to us, patients who reported themselves as
White and had private insurance may have additional
financial resources that enabled them to improve their
LDL-C through more expensive lifestyle changes (e.g.,

enrollment in costly sports programs, leaner meats, fish
and vegetables). In contrast, improvements in triglycer-
ides, which did not differ by payer-type, may be driven
by less expensive dietary choices, such replacing sugar-
sweetened beverages with water or reducing overall
portion sizes.
The use by this subspecialty clinic of a standardized

approach to lifestyle modification counseling, the
SCAMP, may have mitigated differences in changes in
lipid levels based on payer-type. One potential explan-
ation is the consistent approach guided by the SCAMP
that all providers in the clinic used to guide assessment
of risk factors and counseling of patients. The import-
ance of a stable access to specialists is consistent with a
Commonwealth Fund study of adults enrolled in
Medicaid that found that those with continuous cover-
age over the past year had meaningful improvements in
self-reported health compared to those who only had
Medicaid coverage intermittently over the preceding year
[30]. Similarly, in a study conducted by the CDC, one of
the most important factors distinguishing health outcomes
between those living in an urban area and their semi-rural
counterparts was having a consistent provider, even when
medical services are less available [31].

Limitations
The strengths of our study include prospectively
collected data and a relatively large pediatric cohort.
However, this study also has limitations. First, the
type of health coverage captures only one aspect of
SES [14, 32]; parental education level and self-

Fig. 3 Change in LDL-C (mg/dL) at baseline through the third follow-up visit among patients with self-reported White race/ethnicity and
abnormal LDL-C at baseline and stratified by health coverage payer-type. Data presented are mean and 95% confidence intervals. CI, confidence
interval; LDL-C, low density lipoprotein cholesterol

Hartz et al. BMC Pediatrics          (2019) 19:217 Page 8 of 10



reported incomes are known to be important SES
measures that were not available in the dataset.
Second, we may not have had sufficient power to
detect an overall difference in response to treatment as
we had a small number of patients with government-
sponsored coverage. However, if this were the case in our
data, the undetected effects would likely not be of a
clinical significance. Patients self-classification of race/eth-
nicity was frequently incomplete. Similarly, a progressively
decreasing sample size, prevented us from making a valid
conclusion in regards to longer-term outcomes beyond
three visits. Our study also is limited by the inability to
control for a number of factors that could potentially ef-
fect behavioral change, including family history and smok-
ing history. In our study, we used payer-type as a marker
of socioeconomic status; other markers were not available
to us. Another limitation was that providers had access to
the patient’s health insurance type at the visit and it can-
not be guaranteed that this information did not influence
patient counseling. As the population evaluated in this
study was derived from a referral population, the patients
may have been more motivated than the general popula-
tion to make lifestyle changes and may have had more re-
sources to make lifestyle changes. For instance, patients in
our population have already demonstrated their engage-
ment by visiting a preventive cardiology clinic.

Conclusions
Overall, our findings suggest that pediatric patients with
government-sponsored health coverage along with
myriad potential concomitant factors that accompany
this type of coverage, such as low socioeconomic status
and decreased access to certain resources: 1) present
more frequently with high triglycerides and low HDL
cholesterol as compared to those with private insurance,
although this is largely explained by higher BMI and
obesity in the government-sponsored payer group; 2)
changes in lipid outcomes while attending a well-
resourced, multidisciplinary clinic are similar overall be-
tween the two groups; and 3) subgroup analysis suggests
that pediatric patients with self-reported White race with
private insurance had more improvement in LDL choles-
terol over time as compared with White patients with
government-sponsored coverage.
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